Stainless-steel cannulas were inserted into isolated internal carotid arteries of the dog to observe vasoconstrictor responses to thiopentone, Thiopentone at a relatively large dose (100-3,000 J.1g) induced vasocon strictor responses in a dose-dependent manner. A dose of 1 mg thiopentone usually produced a definite increase in perfusion pressure of >50 mm Hg, These effects were not influenced by treatment with phentolamine in doses that significantly suppressed noradrenaline-induced va-
Departments of*Pharmacology and Neurosurgery, Shinshu University School of Medicine, Matsumoto, Japan Summary: Stainless-steel cannulas were inserted into isolated internal carotid arteries of the dog to observe vasoconstrictor responses to thiopentone, Thiopentone at a relatively large dose (100-3,000 J.1g) induced vasocon strictor responses in a dose-dependent manner. A dose of 1 mg thiopentone usually produced a definite increase in perfusion pressure of >50 mm Hg, These effects were not influenced by treatment with phentolamine in doses that significantly suppressed noradrenaline-induced va-Although barbiturates have been recognized to be very effective in reducing intracranial pressure (Shapiro et aI., 1974; Marsh et aI., 1977; Marshall et aI., 1979a,b) , it is still not known how they induce vasoreaction leading to a decrease in the total ce rebral blood volume. Previously it was demon strated that the stainless-steel cannula-inserting method, which was originally developed by Hongo and Chiba (1983) , could be used to investigate the effects of vasoactive agents in the isolated artery of the dog (Tsuji and Chiba, 1984) . In this study, we attempted to clarify the effect of thiopentone on the isolated internal carotid artery of the dog, and whether the response could be modified by means of an a-adrenoceptor antagonist, phentolamine, and a potent calcium antagonist, diltiazem.
MATERIALS AND METHODS
Fifteen mongrel dogs of both sexes, weighing 10-18 kg, were anesthetized with sodium pentobarbitone (30 mg/kg i.v.) and killed by rapid exsanguination from the right common carotid artery after treatment with so dium heparin (200 U/kg i. v.). The principle and details of soconstrictor responses, Diltiazem inhibited the constric tion in response to thiopentone as well as that to potas sium chloride in a noncompetitive antagonistic manner. It is suggested that the constriction induced by thiopen tone may be due in part to activation of the calcium inward channel in the wall of the internal carotid artery, Key Words: Canine internal carotid arteries-Dilti azem -Intracranial pressure-Phentolamine-Potas sium chloride-Thiopentone. this method were described in previous articles (Hongo and Chiba, 1983; Tsuji and Chiba, 1984) . Basically, an isolated cylinder-like arterial vessel was intraluminally perfused with mammalian Ringer's solution. The internal carotid arteries (\.0-2.0 mm in outer diameter and 7-20 mm in length) from the carotid sinus to the carotid fo ramen were dissected and removed carefully. Then they were cannulated with stainless-steel cannulas and im mersed in an isolated organ bath. It was ensured that the internal carotid artery gave off no branches within the distance perfused. A stainless-steel cannula with three small holes at a 5-mm distance from the distal blind end (25 gauge, 0.55 mm in outer diameter, and 3 cm in length) was prepared in accordance with the inner diameter of the internal carotid artery. The cannula, which was slightly thinner than the inner diameter of each artery, was selected to obtain an adequate perfusion pressure (100 ± 20 mm Hg). The stainless-steel cannula was care fully inserted into each isolated artery to avoid injury to the internal surface of the vessel. The distal part of each isolated artery was tied with a thin thread to the stainless steel needle of which the distal end was blind. Thus, the stream of the solution from the holes of the needle passes through the intraluminal surface of the isolated artery.
The time interval from the isolation to the perfusion of the artery was usually 1-2 h. The procedure before the perfusion was performed in cold mammalian Ringer's so lution at a temperature of 4-1O°C. The arterial prepara tions were placed in a cup-shaped glass container, which was perfused with mammalian Ringer's solution (in mM:
NaC1154, KCI5.6, CaCl2 2.2, NaHC03 3.6, per 1,000 ml distilled water) by means of a peristaltic pump (model 505-1210; Harvard Apparatus) at a constant temperature of 37°C. The solution was bubbled with a mixture of 95% 00 and 5% COo. The bath was warmed with a circulator pump (Taiyo Thermopump Co.) at a constant temperature of 37°C. The pH of the solution was adjusted at 7.2-7.4 because vascular reactivity is sensitive to changes in pH in this preparation, as reported previously (Chiba and Tsukada, 1984) . The flow rate (1.2-7.2 mllmin) was de termined at the beginning of the experiments for values inducing a resting perfusion pressure of � 100 mm Hg. The perfusion pressure was measured with an electric manometer (Nihon Kohden Co. RP-2) for observing a vasoconstriction as an increase in perfusion pressure and vice versa.
Before the experiments were commenced, each prep aration was allowed to equilibrate for >30 min in the bathing medium. The interval of drug injection was >5 min to prevent tachyphylaxis. The volume of drug solu tion in a single injection into the rubber tubing, closely connected to the shank of the arterial cannula, was 0.01-0.03 ml by a microinjector (Terumo Co.), and injection time was 2-4 sec.
The data are presented as means ± SEM in the text and illustrations. An analysis of variance with replicates was used to evaluate any differences in the responses among the groups. Student's t test or a t test for paired data was used and a p value of 0.05 was considered sig nificant.
Drugs used were sodium thiopentone (Tanabe), dilti azem hydrochloride (Tanabe), noradrenaline hydrochlo ride (Sankyo), phentolamine mesylate (Ciba), and potas sium chloride (Wako).
RESULTS

Constrictor response of the isolated internal carotid artery preparations to thiopentone
When a relatively large dose (100-3,000 f-,Lg) of thiopentone was administered intraluminally into the internal carotid artery of the dog, an immediate increase in perfusion pressure was observed. The threshold dose for inducing a constriction was � 100 f-,Lg, ranging from 30 to 300 f-,Lg. The maximum in crease in perfusion pressure induced by thiopen tone was frequently> 100 mm Hg at a dose of 3 mg. The response to thiopentone was repetitively in duced in a dose-dependent manner when an injec tion interval was >5 min, as shown in Fig. 1 . Figure  2 shows the dose-response curve of thiopentone. Since the perfusion flow rate was 1.2-7. 2 ml/min, a roughly calculated maximum concentration of 100 f-,Lg of thiopentone was temporarily 10-4-5 x 10-4 g/ml in the perfusate. The doses used may be very high compared with in situ experiments or clinical therapeutic doses, and the threshold dose in this study was 10-30 times higher than clinically used doses.
Effects of phentolamine on vasoconstrictor responses to noradrenaline and thiopentone
Vasoconstriction in a dose-related manner was produced by noradrenaline in the dose range of 0.01-0.3 f-,Lg and by thiopentone in the dose range of 300-3,000 f-,Lg. The reproducible vasoconstrictor responses to thiopentone were not inhibited by phentolamine, an a-adrenoceptor antagonist, in doses (10, 30 f-,Lg) that antagonized noradrenaline responses competitively. There was a slight poten tiation of responses to thiopentone by phentolamine ( Fig. 3) .
Effects of diltiazem on constrictor responses to thiopentone
A single injection of diltiazem at doses from I to 100 f-,Lg significantly inhibited the constriction in duced by thiopentone in a noncompetitive antago nistic manner. Diltiazem at 1-10 f-,Lg itself had no influence on perfusion pressure in this preparation. Figure 4 shows a tracing of the inhibiting effect of 1 f-,Lg diltiazem on constrictions induced by thiopen tone (100-1,000 f-,Lg). Summarized data of the inhib iting effect of 1 f-,Lg diltiazem are shown in Fig. 5 . The inhibiting action of 1 f-,Lg diltiazem continued for> 10 min. When potassium chloride was admin istered into the internal carotid artery, an increase in perfusion pressure was usually induced at doses of 1-3 mg. Figure 6 shows the inhibiting effect of I f-,Lg diltiazem on constrictor responses to 3 mg po tassium chloride. The constriction induced by po tassium chloride (1-3 mg) was significantly inhib ited by 1 f-,Lg diltiazem, as summarized in Fig. 7 . In two experiments, 10 f-,Lg of diltiazem was used. This inhibited thiopentone-and potassium chloride-in- duced vasoconstriction to a greater extent but not completely.
DISCUSSION
In neurosurgical intensive care, it has been widely accepted that barbiturates are effective in protecting ischemic brain tissue following head in jury and stroke, as reviewed by Marsh et al. (1977) . However, it is still not clear how barbiturates act on ischemic cerebral tissues. A number of theories explaining the brain-protective effects of barbitu rates have been suggested, e.g., improving cerebral circulation and/or reducing metabolism require ments of cerebral tissues. It is also reported that barbiturates exert a direct constrictor effect on ar terial vessels (Burn and Hobbs, 1959; Altura and Altura, 1975; Marsh et aI., 1977; Marshall et aI., 1979a,b) . It is considered that this action would de crease the total cerebral blood volume, allowing a reduction in intracranial pressure. In the past, Burn and Hobbs (1959) reported that thiopentone in duced contraction of the smooth muscle of arterial wall and suggested that thiopentone caused a re lease of noradrenaline from the sympathetic nerve terminals in rabbit aortic strips. In 196 2 Price and Price also observed that thiopentone caused con traction of rabbit aortic strips and that thiopentone was potent in increasing the amounts of contraction caused by noradrenaline. In the present experi ments on isolated internal carotid artery prepara tions from the dog, it was confirmed that thiopen tone usually caused a dose-related vasoconstriction in relatively large doses. The thiopentone-induced constriction was not influenced by pretreatment of the preparation with phentolamine, a potent o.-ad renoceptor antagonist, which markedly inhibited noradrenaline-induced vasoconstriction. Therefore, an adrenergic mechanism may not participate in thiopentone-induced vasoconstriction. However, as the internal carotid artery is not a brain artery, fur ther experiments are needed to confirm thiopen tone-induced effects using an intracranial artery. 
Thiopentone
In this study, we demonstrated that thiopentone induced vasoconstriction was significantly blocked by pretreatment of the preparation with one of the potent blockers of calcium-inward entry through the membrane, diltiazem (Sato et ai., 1971; Bevan, 1982 ) . Since the same concentration of diltiazem also inhibited the vasoconstrictor response to po tassium chloride, which enhances calcium entry into the cell (Godfraind and Kaba, 196 9) , a rela tively large amount of thiopentone may cause an increase in the entry of calcium ions via the slow calcium channel of the membrane of the vascular bed. Moreover, as it has been reported that barbi turates interfere with the mobility of intracellular calcium ion stores (N ayler and Szeto, 1972 ; Seeman, 1972 ) , an increase in free calcium ions in the cell may partially contribute to the vasocon strictor response to thiopentone. It is considered that the increased vasoconstriction induced by thio pentone in healthy arteries of the brain may shunt blood toward ischemic regions that have a fixed low vascular resistance and improve collateral blood flow development (Smith et aI., 1974) .
In 1975 tone could elicit dose-dependent contraction of rat aortic strips, but that other barbiturates (secobar bitone, amobarbitone, phenobarbitone, pentobar bitone) inhibited spontaneous mechanical activity as well as lowered resting tension in rat aortic strips. Marshall et ai. (1979a,b) reported that pen tobarbitone caused an initial rapid decrease in in tracranial pressure. However, Marin et ai. (1981 a,b) reported that pentobarbitone produced vaso dilation of isolated human and goat middle cerebral arteries in a dose-dependent manner. In the future, it is necessary to demonstrate whether thiopentone and pentobarbitone have opposite effects on cere brovascular smooth muscle using the cannula-in serting method. Edvinsson and McCulloch (1981) reported that the maximum contractions affected by potassium, noradrenaline, and prostaglandin F2a were reduced in the presence of pentobarbitone. Thus, it is not clear that a direct vasoconstrictor effect of barbi turates on the cerebral vasculature contributes a re duction of intracranial hypertension in patients. Furthermore, an extremely large dose of barbitu rates readily produced profound hypotension in the systemic vasculature, which in turn may also influ ence the cerebral circulation.
For the present experiments, it is not ruled out that our results might have been due to toxic doses of thiopentone. However, since thiopentone-in duced vasoconstrictions were repetitively induced, the arterial preparation might not have been dam aged and the results with an a-adrenoceptors an tagonist and a calcium antagonist may help to clarify the mechanism of thiopentone-induced va soconstrictor responses.
